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Abstract
Most of the political revelations are speaking of the e-mobil-
ity as the cleanest and final solution on the way of vehicles 
technology improvements. On the other hand, too little atten-
tion is paid for the gas propulsion, however it’s technology is 
proved, the environmental benefits can be as much as at the 
e-mobility, but requires far less investment.
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1 The introductory main question: 
is it needed to have an energetic alternative 
in transport, and if so, to what extent?












as	 the	 northern	SECA	zone	 coming	 into	 effect?	And	 if	
further	SECA	zones	followed	by	it	shortly?	How	Europe	
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 	 Bioethanol	 is	getting	to	be	something	that	 is	 judged	
harmful	 due	 to	 land-use	 change	 and	 food	 supply	 prob-
lems.	Despite	 the	 fact	 is,	 in	Hungary	 one	million	 hec-
tares	are	uncultivated	and	above	it,	on	the	cultivated	area	
of	 4.5	million	 hectares,	 cereals	 and	 corn	 are	 produced,	
in	 a	 significant	 ratio	 for	 export.	The	procurement	price	
of	which	 (in	 case	 the	 crop	does	not	 remain	 in	 storage)	
greatly fall behind that level, as if it were utilized at home 
as	an	energy	source.
 	 Often	 said:	 the	 electric	 propulsion	 is	 emission-free,	
and	 it	 is	 the	cleanest	alternative.	However	 transport,	as	
a	 human	 action,	must	 not	 be	viewed	only	 there,	where	
the	movement	is	just	occurring.	Transport	is	a	two-player	
energy	conversion	process,	out	of	which	one	 is	energy,	
and the other one is the instrument that transforms it, 
namely	 the	 vehicle.	None	 of	 these	 is	 just	 simply	 to	 be	
there.	They	are	to	be	produced,	and	they	are	to	be	made	
available,	and	just	than	can	be	the	transport	done	after	all.
3 An objective analysis must consider 
the whole process
Paradoxically,	it	is	just	the	evaluation	of	renewable	energy	






4 Emission of the energy conversion process 
lasting from the tank to the end of the exhaust 













concentration	of	 atmosphere	 	 (and	other	gases,	 like	halogens	
with	their	global	warming	potential),	the	really	normative	fac-
tors	are	 the	value	getting	of	„new	carbon”	 to	 the	atmosphere	
or	 controversy	 the	 avoidance	 of	 it,	 as	well	 as	 the	fixation	 of	
atmospheric	carbon.
Naturally,	 it	 is	 impossible	 to	put	aside	 the	problem	with	a	




that	 vehicles,	 thanks	 to	 the	 significant	 technology	 develop-
ment,	are	more	favourable	in	their	new	condition,	than	before.	
However,	 besides	 technology	 results,	 maintenance	 and	 a	
replacement	period	should	be	much	shorter	than	it	is	actually	
now	days.
5 From the source of energy carrier to the tank
●	 From	the	input	data	of	MOL	(Hungarian	Oil	&	Gas	Com-
pany	Plc),	 for	 conventional	 fuels,	 an	 excess	 of	 17-18%	
can	 be	 calculated,	 but	 only	 for	 domestic	 activities,	 that	
is	 without	 exploitation	 and	 international	 delivery	 costs.	
According	 to	 the	 data	 of	 the	 European	 CONCAWE	
project	Well-to-Tank	Report	 (2008),	 average	 CO
2
 input 
values are the following:
	 for	petrol	12.5	g/MJ,	energy	input	14%;
	 for	gasoline	14.2	g/MJ,	energy	input	16%,	










It is to be noted that, as regards WTT Report basic data, 
liquefaction input and LNG-to-CNG input considerably exceed 
the possibilities provided by today’s technology and docu-
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Figures from the Appendix of Directive No. 2009/28 EC of the European Union.
Fig. 2. The	tailpipe	greenhouse	gas	emission	is	depends	of	the	molecule	mixture	in	the	burned	energy	carrier.	Figures from CONCAWE WTT report.
Sugar beet ethanol 61%
Wheat ethanol without indication of fuel used for processing 32%
Wheat ethanol (fuel used for processing is lignite,  
in cogeneration power plant)
32%
Wheat ethanol (fuel used for processing is natural gas,  
in conventional boiler)
45%
Wheat ethanol (fuel used for processing is natural gas,  
in cogeneration power plant)
53%
Wheat ethanol (fuel used for processing is straw,  
in cogeneration power plant)
69%
Corn ethanol produced in the EC (fuel used for processing 
is natural gas, in cogeneration power plant)
56%




Palm oil biodiesel (non-defined process) 36%
Palm oil biodiesel (during the process methane fixation  
is made in the oil-presser)
62%
Biodiesel made from waste vegetable or animal oil 88%
Hydrogen treated plant oil from rape 51%
Hydrogen treated plant oil from sunflower 65%
Hydrogen treated plant oil from palm oil (non-defined 
process)
40%
Hydrogen treated plant oil from palm oil (during the  
process methane fixation is made in the oil-presser)
68%
Clean plant oil from rape 58%
Biogas from organic houshold waste as compressed 
natural gas
80%
Biogas from wet manure as compressed natural gas 84%
Biogas from dry manure as compressed natural gas 86%
Wheat straw ethanol 87%
Ethanol from wood waste 80%
Ethanol from cultivated wood 76%
Wood waste based Fischer-Tropsch diesel 95%
Cultivated wood based Fischer-Tropsch diesel 93%
Wood waste dymethil ether (DME) 95%
Cultivated wood dymethil ether (DME) 92%
Wood waste methanol 94%
Cultivated wood methanol 91%
Methyl tert-butyl ether (MTBE), the part made from 
renewable energy sources
as methanol
Ethyl tert-butyl ether (ETBE), the part made from  
renewable energy sources
as ethanol
Tert-amyl ethyl ether (TAEE), the part made from  
renewable energy sources
as ethanol
Hydrogen treated plant oil from sunflower 65%
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divergent	measure	 of	 carbon	 fixation	 deriving	 from	 land-use	
change	must	also	be	taken	into	account.
In	 this	 sense,	 also	 the	 saving	 result	 of	 landfill	 gas	 utiliza-
tion for biomethane purposes greatly depends on the starting 
conditions.	The	neutralization-free	landfill	gas	emission	of	the	








CBG from wheat 
-55%, energy input 120%
As	for	this	value,	it	is	also	to	be	noted	that	cultivated	plants,	
according	 to	 their	 species,	 can	 produce	 very	 different	 crop	
yields,	and	also	the	gas	yield	of	biogas	factories	can	be	greatly	



















the	 evaluation	 of	 H
2






Hydrogen from natural gas 







7 How great advantages are carried 
by electric propulsion?
●	 For	 politicians,	 electric	 propulsion	 gives	 the	 vision	 of	
emission-free	transport,	on	the	basis	that	the	fully	electric	
driven	vehicle	does	not	have	an	exhaust	pipe.
●	 However,	 it	 has	 a	 battery	 package	 with	 some	 Li-ion	
technology	 and	 a	 large	mass	 (150-500	 kg	 for	 personal	
cars),	the	manufacturing	of	which	is	not	only	extremely	
expensive	in	itself,	but	its	environmental	load	by	lifecy-




8 Success depends not only on technology, 





















●	 which	 value	 is	 slightly	 favourable	 than	 the	 EU-27	 
0.2563	kg/kWh	average.
10 It seems to be a good result, but is it true?
●	 A	 -	 statistically	 -	 realistic	 emission	 can	 be	 checked	 and	
calculated	by	the	data	queues	to	be	found	in	151	page	long,	
latest	 MEH	 Statistical	 Yearbook	 (all	 further	 table	 data	
queues	derive	from	here	and	relate	to	the	latest	accessible	
year	2010;	cases	different	from	it,	are	indicated)
11 How much output belongs 
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Fig. 4. The	diagram	is	comparing	the	different	fuel	alternatives	through	the	TTW	(brown)	WTT	(green)	and	WTW	(blue)	emission.	
Figures based on CONCAWE WTW report.
Fig. 5. Annual	emission	of	the	Hungarian	Power	plants,	over	50	MW	
capacity,	and	in	bracket	the	external	cost	of	these	emissions.	Quantity figures 
coming from MEH Statistical Yearbook, external cost of CO2 IPCC WGIII 
Report, and cost of harmful emission INFRAS Handbook on external cost 
estimation on the transport sector, CO mostly not evaluated separately.
Power plant annual emission Total emissions
(CO2 (20-80 $/t) 12,958,520 t
SO2 (1,000-13,000 €/t) 8,705 t
NOx (700-9,600 €/t) 12,891 t
CO 3,822 t
Power plant electricity production 37,370,818 MWh
Of which the over 50 MW plants 30,969,936 MWh
Of which small power plants 6,400,882 MWh
Of which renewable 3,402,450 MWh
Import-export balance 5,195,163 MWh
Fig. 6. Base	figures	of	the	electrical	energy	production	in	Hungary.	
Figures are from MEH.
Power plant electricity production,  
over 50 MW plants
30 969 936 MWh
Power plant electricity sales,  
over 50 MW plants
28 556 856 MWh
Power plant self-consumption,  
50 MW plants (calculated)
2 413 080 MWh
Ratio of power plant net production  
to total production, 50 MW plants
92.21 %
Total quantity of electricity fed  
into distribution network
40 512 458 MWh
Electric energy transfer network losses 373 793 MWh
Distribution network losses 3 426 864 MWh
Degree of efficiency of distribution  
and transfer network losses
90.62 MWh




electricity	production	chain.	Figures are from MEH, calculation from the author.
The	following	data	serve	the	simplified	calculation	of	network	losses	 
of	electricity	coming	out	from	power	plants:
For the measure of specific emissions, must be taken 
into consideration the system losses too
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necessary	in	a	proportion	that	reflects	their	share	and	place	of	




12 Efficiency examination of electric propulsion
Arguing	in	favour	of	the	electric	propulsion,	beyond	zero	emis-
sions,	we	can	appreciate	excellent	electromotor	efficiency	values.	
Here	we	 favour	 a	 partial	 truth	 again.	Modern	 e-motor,	 through	


































13 Alternative energetic potential
- or how much space is there to replace oil?
●	 Energy	 consumption	 of	 the	 domestic	 surface	 transport	






).	 Based	 on	 future	 perspectives,	 mobility	 needs	
will grow again with the development of a permanent 
economic	upwards.	In	parallel	on	the	other	side,	vehicle	








for net energy  
production,  
corrected by the 
renewables
Specific emissions 
for net energy  
production, corrected 
by the renewables 
and losses of the 
network
CO2 12,958,520 t 0.41591 kg/kWh 0.45897 kg/kWh
SO2 8,705 t 0.27939 g/kWh 0.30832 g/kWh
NOx 12,891 t 0.41375 g/kWh 0.45658 g/kWh
CO 3,822 t 0.12267 g/kWh 0.13537 g/kWh
Citroën C-Zero VW Up! CNG
Avg.cons. 12.5 kWh/100 km 130.79 MJ/100 km
CO2 80.99* (~=85.36) g/km 85.04962 g/km
SO2 0.97755* g/kWh 0 g/kWh
NOx 1.44763* g/kWh 0.0048 g/kWh
CO 0.42920* g/kWh <<1 g/kWh
Specific emissions of domestic electricity production, 
based on the previously mentioned facts




Figures based on the MEH data, divided by the author.
*To cover the heating needs detailed later, an additional 9.09 % emission 
must be calculated, so the the 85.36 g/km is the real CO2 emission, so far 
values of the pollutants also to be corrected.
Fig. 9. CThe	price	labels	on	the	picture	above	are	showing	the	approx.	
purchase	price	in	Hungarian	Forint,	with	all	the	taxes.	The consumption figures 
based producer data, as average consumption per 100 km, measured follow  
the NEDC-cycle. Emission values for the e-mobil based on the previous  
calculation, for NGV simply general and producer data.
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●	 An	 alternative	 of	 the	 Russian	 pipeline	 is	 another	 pipe	
project,	 the	 European	 Nabucco-West,	 with	 an	 intended	
capacity	of	10	billion	cubic	meters,	of	which	we	may	have	




●	 Similarly,	 about	 1	 billion	 cubic	metres	 of	 gas	 could	 be	
received	by	building	up	the	pipeline	between	the	planned	
LNG	 terminal	 in	 the	Krk	 Island	 (Croatia)	and	 the	Hun-
garian	border,	which	seems	to	be	feasible	by	2018,	so	a	
35	PJ	energy	quantity	is	expectable	from	here	as	well.	Its	
advantage	 is	 the	opportunity	of	 the	 lowest	gas	purchase	
price,	disadvantage	is	the	project	cost.















our realizable simulation, is as follows
●	 It	is	possible	to	reach	even	75%	of	oil	replacement	with-
out	arising	any	food	supply	or	animal	feeding	problems.
●	 Investment	 costs	 of	 biomethane-producing	 technology	
are,	according	to	the	simulation,	in	good	approximation,	
10	HUF/MJ,	that	is	1.550	billion	HUF.
●	 Of	 course,	 for	 transport-oriented	 utilization,	 the	 exten-
sion	of	filling	station	network	is	also	needed.	For	a	wide-






14 What is our option at the e-mobility pathway?
●	 The	 power	 plant	 net	 electricity	 production	 (in	 2010)	
totals	 34,613	 TWh	=	124.6	 PJ,	 and	 also	 considering	
network and distribution losses, this value shrinks to 
112.9	 PJ,	 which	 is	 only	 56.4%	 of	 the	 energy	 quantity,	
Power plant electricity production 134,535 TJ
Power plant heat generation 46,030 TJ
Power plant energy carrier use 403,836 TJ
Power plant conversion efficiency 44.71 %
Proportion of power plant output to generated electricity 92.21 %
Degree of efficiency of distribution  
and transformer network losses 90.62 %
Degrees of efficiency total 37.36 %
Total charge/discharge efficiency  
of energy storage system 85.00 %
Average efficiency of electric engine 90.00 %
Final efficiency 28.58 %
Final efficiency for driving  


















500 57 285 10.83
Artichoke cultivation 
for energy purposes 
(0.875 Mha.)
5,930 60 3,558 135.20
Communal waste 
(4.5 Mt*29% org. 
contents) 






tion	of	cabin	heating.	Figures are from MEH data and calculation of author.
Fig. 11. This	is	an	example	of	the	biomethane	potential	calculation	in	
Hungary.	Figures from the LNG supply and consumer chain project, coordi-
nated by the author.
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what	would	need	to	replace	petrol,	gasoline	and	LPG.	For	
the	achievement	of	a	significant	electric	car	proportion,	a	
power	 plant	 capacity	 extension	 is	 needed,	 and	 naturally	
actions	 such	 as	 distribution	 network	 extension,	 building	
up	an	electricity	storage	system	and	lately,	but	not	lastly	





ventional fuel should be made available, that is, from the 
power	plant	side,	the	building	up	of	an	electricity	produc-
tion	capacity	of	17	PJ	(=	4.75	TWh)	should	be	targeted.
15 How big investment is needed for 20 % 
e-mobility share?
●	 Making	multiplications	 for	 nuclear	 power	 plants,	 theo-
retically	an	investment	of	120	billion	HUF	is	needed,	for	
the	power	plant	coverage	of	20	%	capacity.
●	 Ignoring	 (the	 massive)	 investment	 requirement	 of	 net-













Therefore,	 based	 on	 present	 knowledge,	 the	 conversion	 of	
20%	 of	 the	 vehicle	 park	 into	 electric	 propulsion	 requires	 an	
investment	of	2,370	billion	HUF.
16 Fiscal aspects
Sustainability	 issues	 are	 obviously	 important	 for	 policy	




energy	 taxation	 plan,	 a	 uniform,	 energy	 based	 tax	 should	 be	
imposed	on	fuels	in	the		future,	according	to	the	current	pro-






fuel	 replaced.	 It	 is	 important,	 however,	 to	 consider	 the	 fact	
that	gas	propulsion	will	spread	first	of	all	 in	public	transport,	
where	 the	 participation	 of	 the	 central	 budget	 is	 unavoidable,	
and	the	measure	of	the	necessary	support	is	much	higher	than	





of	 excise	 taxation	 of	 the	 electricity	 filled	 into	 cars	 is	 not	 at	
all	elaborated;	there	is	not	any	solution	for	it	even	on	a	con-
ceptual	level.	Regarding	its	amount,	the	replaced	conventional	
fuel	 causes	 a	 drop-out	 of	 5-6	 billion	 HUF	 per	 percentage;	
therefore,	in	view	of	the	20%	proportion	targeted	for	the	next	 
Specific investment costs for power plant $/MWh
Solar collector 312
Offshore wind generator 243
Solar cell 211
Carbon power plant with CCS technology 136
Nuclear power plant 114
Biomass-fired power plant 112
Onshore wind generator 97
Carbon power plant 95
Gas power plant with CCS technology 89
Hydroelectric power plant 86
Combined cycle gas power plant 63
Power plant average investment costs
Fig. 12. Indicating	the	specific	investment	costs	for	a	state-of-the-art	
designed	power	plant	technologies,	as	design	them	today	and	opened	for	2016,	
values	in	US$	per	MWh	capacity.	Median values of data compiled by the 
Institute of Energy Research published in 2011 in the Annual Energy Outlook 
by the US Energy Information Administration.
Gas prop. E-mob.
Possible rate of  
oil replacement 100 20 %
Possible rate of renewable <75 20-30 %
Specific costs of  
oil replacement with  
low-carbon energy carrier  
(for 1 % oil = 2 PJ oil replace)
38.13* 118.5** bln HUF/1 %
Gas propulsion vs. e-mobility – till the end of the 
next decade
*Biogas-CNG route 1% oil replacement costs
**Nuclear – electricity route 1% oil replacement costs
Fig. 13. Prospect	and	cost	of	the	oil	replacement	is	in	the	transportation	
sector.	Rate of replacement by e-mobility is based on a mean value in different 
studies, for 2030.




work	 system	 developers	 are	 looking	 for	 car	 batteries	 as	 sig-
nificant	 sized	 electricity	 buffer	 storage	 of	 the	 future.	 	 In	 the	


























tion	 of	 today.	 The	 energy	 carrier	 is	 available	 for	 facing	 out	
the	oil	even	by	100	percent.	As	target	is,	not	only	to	reducing	
the	CO2	emission	by	 the	 factor	of	20	percent	but	decreasing	




























  pean	North	Sea	 and	Baltic	 Sea	 plus	 the
  English	 Channel	 will	 take	 into	 force	 as
  starting	2015.	Further	ECA,	SECA	areas
  will	come	into	force.
TTW	 	 :Tank-to-Wheel,	 the	 commonly	 called	 as 
  tailpipe emission
WTT	 	 :Well-to-Tank,	 from	 the	 origin	 of	 the 
  energy	to	the	vehicle	energy	storage
WTW	 	 :	Well-to-Wheel,	the	complete	energy	cir- 
  cle	 from	 the	 production	 of	 the	 primer	
  energy	to	the	energy	consumption	of	the	
  vehicle
GHG	 	 :Greenhouse	gas	emission,	the	content	of 









Biogas	 	 :a	gas	from	renewable	source	with	differ- 
  ent	composition,	where	a	significant	pro-
  portion	is	methane,	what	is	the	main	con-
  tributor	 to	 the	 fossil	 natural	 gas.	 The
  source	of	 the	biogas	can	be	 the	agricul-
  ture,	 the	forestry,	 the	livestock,	the	food
  industry, as well the urban environment,
  with	 its	 municipal	 solid	 waste,	 or	 the
  waste	 water	 treatment,	 where	 organic
  waste	 is	 to	 be	 recovered	 for	 biogas	
  production
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Biomethane	 :from	 residues	 and	 inert	 content	 cleaned	 
  biogas is the biomethane, where meth-




  compressed	 biomethane	 is	 equally	
  usable	for	vehicle	propulsion	to	the	com-
  pressed	natural	gas,	and	it	is	able	to	mix	it	
  in	 any	 rate.	 The	 compressed	
  biomethane	 (often	CBG	or	bio-CNG)	 is	
  clean	and	worthy	biofuel,	with	extremely	
  low emission level
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